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(57) ABSTRACT

A non-contact electric power transmission apparatus includ-
ing a primary unit and a secondary unit. The primary unit
includes a primary core and a power primary winding. A
signal secondary winding 1s wound around the primary core
and provided to be apart from the power primary winding to
form a primary gap between the power primary winding and
the signal secondary winding. The secondary unit includes a
secondary core and a power secondary winding. A signal
primary winding 1s wound around the secondary core and
provided to be apart from the power secondary winding to
form a secondary gap between the power secondary winding
and the signal primary winding.

18 Claims, 13 Drawing Sheets
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NON-CONTACT ELECTRIC POWER
TRANSMISSION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATTONS

The present application claims priority under 35 U.S.C.
119 to Japanese Patent Application No. 2000-223524, filed
Jul. 25, 2000, entitled “Non-contact Charging Trance and
Method for Manufacturing Chargeable Electric Appliance
Set.” The contents of that application are incorporated herein
by reference 1n their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present imnvention relates to a non-contact electric
power transmission apparatus and an electric appliance
which 1ncludes the non-contact electric power transmission
apparatus.

2. Description of the Background

Referring to FIG. 12, a non-contact electric power trans-
mission apparatus (T) has a primary unit (I1) and a sec-
ondary unit (T2). A battery charger has the primary unit
(T1). An electric appliance has the secondary unit (T2).
When the electric appliance is placed on the battery charger,
the primary unit (T1) and the secondary unit (T2) face each
other. The primary unit (T1) of FIG. 12 has a primary core
(C1), a power primary winding (LL1), and a signal secondary
winding (L3). The primary core (C1) has a U-shape. The
signal secondary winding (L.3) 1s wound around the power
primary winding (L1) coiled around the primary core (C1).
The secondary unit (12) of FIG. 12 has a secondary core
(C2), a power secondary winding (L.2), and a signal primary
winding (L.4). The secondary core (C2) has a U-shape. The
signal primary winding (L.4) 1s wound around the power
secondary winding (I.2) coiled around the secondary core
(C2). When the electric appliance is placed on the battery
charger, the facing surface of the primary core (C1) and the
facing surface of the secondary core (C2) face each other.
Electric power and signal are transferred between the pri-
mary unit (T1) and the secondary unit (T2) through elec-
tromagnetic induction. The electric power has a frequency of
50 kHz and the control signal has a frequency of 1 MHz.

In the conventional non-contact electric power transmis-
sion apparatus (1), the leakage flux from the power primary
winding (L.1) affects the signal induced in the signal sec-
ondary winding (IL3). Likewise, the leakage flux from the
power secondary winding (L2) affects the signal supplied to
the signal primary winding (14).

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a
non-contact electric power transmission apparatus includes
a primary unit and a secondary unit. The primary unit
includes a primary core, at least one power primary winding
and at least one signal secondary winding. The primary core
has a first facing surface and a first winding axis substan-
fially parallel to the first facing surface. The at least one
power primary winding 1s wound around the first winding,
axis of the primary core. At least one signal secondary
winding 1s wound around the {first winding axis of the
primary core and provided to be apart from the at least one
power primary winding to form a primary gap between the
at least one power primary winding and the at least one
signal secondary winding. The secondary unit includes a
secondary core, at least one power secondary winding and at
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least one signal primary winding. The secondary core has a
second facing surface and a second winding axis substan-
tially parallel to the second facing surface. The at least one
power secondary winding 1s wound around the second
winding axis of the secondary core. The at least one signal
primary winding 1s wound around the second winding axis
of the secondary core and provided to be apart from the at
least one power secondary winding to form a secondary gap
between the at least one power secondary winding and the
at least one signal primary winding. The secondary unit 1s
coniigured to be placed with respect to the primary unit such
that the second facing surface faces the first facing surface
and such that the at least one power secondary winding and
the at least one signal primary winding are electromagneti-
cally connected to the at least one power primary winding
and the at least one signal secondary winding, respectively.

According to another aspect of the present invention, an
clectric appliance includes a primary unit and a secondary
unit. The primary unit includes a primary core, at least one
power primary winding and at least one signal secondary
winding. The primary core has a first facing surface and a
first winding axis substantially parallel to the first facing
surface. The at least one power primary winding 1s wound
around the first winding axis of the primary core. At least
one signal secondary winding 1s wound around the first
winding axis of the primary core and provided to be apart
from the at least one power primary winding to form a
primary gap between the at least one power primary winding
and the at least one signal secondary winding. The second-
ary unit includes a secondary core, at least one power
secondary winding and at least one signal primary winding.
The secondary core has a second facing surface and a second
winding axis substantially parallel to the second facing
surface. The at least one power secondary winding 1s wound
around the second winding axis of the secondary core. The
at least one signal primary winding 1s wound around the
second winding axis of the secondary core and provided to
be apart from the at least one power secondary winding to
form a secondary gap between the at least one power
seccondary winding and the at least one signal primary
winding. The secondary unit 1s configured to be placed with
respect to the primary umit such that the second facing
surface faces the first facing surface and such that the at least
onc power secondary winding and the at least one signal
primary winding are electromagnetically connected to the at
least one power primary winding and the at least one signal
secondary winding, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many
of the attendant advantages thereof will become readily
apparent with reference to the following detailed
description, particularly when considered i1n conjunction
with the accompanying drawings, in which:

FIG. 1 1s a cross sectional view of a non-contact electric
power transmission apparatus according to a first embodi-
ment of the present mnvention;

FIG. 2 1s an elevational view of an electric shaver and a
battery charger which include a non-contact electric power
fransmission apparatus according to the embodiment of the
present 1nvention;

FIG. 3 1s a graph showing a relationship between a
frequency and voltage;

FIG. 4 1s a cross sectional view of a non-contact electric
power transmission apparatus according to a second
embodiment of the present invention;
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FIG. 5 1s a cross sectional view of the non-contact electric
power transmission apparatus according to the second
embodiment of the present invention;

FIG. 6 1s a cross sectional view of a non-contact electric
power fransmission apparatus according to a third embodi-
ment of the present invention;

FIG. 7 1s a cross sectional view of the non-contact electric
power transmission apparatus according to the third embodi-
ment of the present mnvention;

FIG. 8 1s a cross sectional view of a non-contact electric
power transmission apparatus according to a fourth embodi-
ment of the present mnvention;

FIG. 9 1s a graph showing a relationship between a
frequency and voltage;

FIG. 10 1s a cross sectional view of a non-contact electric
power transmission apparatus according to a fifth embodi-
ment of the present mnvention;

FIG. 11 1s a graph showing a relationship between a
frequency and voltage according to the fifth embodiment of
the present invention;

FIG. 12 1s a cross sectional view of a conventional
non-contact electric power transmission apparatus; and

FIG. 13 1s a cross sectional view of a non-contact electric
power transmission apparatus according to a first embodi-
ment of the present mnvention showing a direction of mag-
netic fux.

DESCRIPTION OF THE EMBODIMENTS

The embodiments will now be described with reference to
the accompanying drawings, wherein like reference numer-
als designate corresponding or identical elements through-
out the various drawings.

FIG. 1 1s a circuit diagram of a non-contact electric power
fransmission apparatus according to a first embodiment of
the present invention. The non-contact electric power trans-
mission apparatus (T) includes a primary unit 101 and a
seccondary unit 201. FIG. 2 illustrates a shaver 2 and a
battery charger 4. The secondary unit 201 1s contained in an
clectric appliance 2, for example, a shaver. The electric
appliance 2 may be, for example, an electric toothbrush, a
cellular phone or the like. A battery charger 4 has the
primary unit 101. The electric appliance 2 1s placed on the
battery charger 4 to charge a rechargeable DC battery 230
(see FIG. 1) which is contained in the electric appliance 2.

Returning to FIG. 1, the primary unit 101 has a primary
core 111. The primary core 111 has a U-shaped cross section
which includes a center section (111@) and arm sections
(111b) provided at both ends of the center section (111a),
respectively. The primary core 111 has a first winding axis
(X1) which is a center axis of the center section (111a). A
power primary winding (L.1) and a signal secondary winding
(L3) are wound around a center section (111a) of the primary
core 11. The signal secondary winding (I.3) is provided to be
apart from the power primary winding (L1) to form a
primary gap 121 between the power primary winding (L.1)
and the signal secondary winding (LL3). Each of the arm
sections (1115) has a first facing surface (111c) at the ends
of the arm sections (1115). The first winding axis (X1) of the
center section (111a) is substantially parallel to the first
facing surface (111c).

The power primary winding (LL1) is connected to an
alternating-current electric power source 150 via a power
supply control circuit 140. The signal secondary winding
(L3) is connected to the power supply control circuit 140.
The power supply control circuit 140 is configured to control
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the supply of electric power to the power primary winding
(L1) based on the signal from the signal secondary winding,
(L3).

Similarly, the secondary unit 201 has a secondary core
211. The secondary core 211 has a U-shaped cross section
which includes a center section (211a) and arm sections
(211b) provided at both ends of the center section (211a),
respectively. The secondary core 211 has a second winding
axis (X2) which is a center axis of the center section (211a).
A power secondary winding (L2) and a signal primary
winding (I.4) are wound around the center section (211a) of
the secondary core 211. The signal primary winding (L4) is
provided to be apart from the power secondary winding (I.2)
to form a secondary gap 221 between the power secondary
winding (L.2) and the signal primary winding (I.4). Each of
the arm sections (2115) has a second facing surface (211c)
at the ends of the arm sections (2115). The second winding
axis (X2) of the center section (211a) is substantially parallel
to the second facing surface (211c¢).

The power secondary winding (I.2) is connected to a
rechargeable DC battery 230 via a rectification circuit 260.
The signal primary winding (I.4) 1s connected to the charge
control circuit 270. The charge control circuit 270 detects a
charging signal from the battery circuit and sends a signal to
the signal primary winding (L4).

Areas of the first facing surface (111c¢) and the second
facing surface (211c) are substantially equal. In order to
charge the rechargeable DC battery 230, the secondary unit
201 1s placed with respect to the primary unit 101 such that
the second facing surface (211c) faces the first facing surface
(111c¢) and such that the power secondary winding (L.2) and
the signal primary winding (I.4) are electromagnetically
connected to the power primary winding (L.1) and a signal
secondary winding (L.3), respectively.

When alternating-current primary electric power 1s sup-
plied to the power primary winding (L1), secondary electric
power 1s induced in the power secondary winding (L.2).
Namely, the power primary winding (LL1) and the power
secondary winding (L.2) transform the primary electric
power to the secondary electric power having desired volt-
age or current. The power supply control circuit 140 1s
coniligured to control the mtermittent or continuous supply
of electric power to the power primary winding (1) based
on the signal from the signal secondary winding (I.3). The
secondary electric power mnduced 1n the power secondary
winding (L2) is supplied to the rechargeable DC battery 230
via the rectification circuit 260. The secondary electric
power may be supplied to a motor or the like provided in the
secondary unit.

The secondary unit has a charge control circuit 270. The
charge control circuit 270 outputs the control signal which
shows that the charge to the rechargeable DC battery 230 has
been completed. The charge control circuit 270 includes a
detector which 1s configured to detect the full charge con-
dition of the rechargeable DC battery 230. The detector may
be, for example, a voltage detector to detect the voltage of
the rechargeable DC battery 230, a voltage inclination
calculator, a temperature sensor to detect the temperature of
the rechargeable DC battery 230, a temperature-gradient
calculator, a timer for counting the charging time or the like.
The control signal output from the detector i1s transmitted
from the signal primary winding (L.4) to the signal second-
ary winding (L3).

As shown in FIG. 1, at the center section (111a) of the
primary core 111, a primary gap 121 1s formed between the
power primary winding (LL1) and the signal secondary
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winding (L.3). A nonmagnetic substance is filled in the
primary gap 121. The power primary winding (LL1) and the
signal secondary winding (I.3) are separated by the primary
gap 121 along the first winding axis (X1). At the center
section (211a) of the secondary core 211, a secondary gap
221 is formed between the power secondary winding (L.2)
and the signal primary winding (L.4). A nonmagnetic sub-
stance 1s filled 1n the secondary gap 221. The power sec-
ondary winding (L2) and the signal secondary winding (L.3)
are separated by the secondary gap 221 along the second
winding axis (X2). Both gaps 121 and 221 have the sub-
stantially same length along the first and second winding
axes (X1 and X2). For example, the width (WL1) of the
power primary winding (LL1) along the first winding axis
(X1) and the width (WL2) of the power secondary winding
(L2) are about 3 mm, the width (WL3) of the signal
secondary winding (I.3) and the width (WL4) of the signal
primary (L4) are about 1 mm, and the width (WG1) of the
primary gap 121 and the width (WG2) of the secondary gap
221 are about 2 mm. Both gaps 121 and 221 are configured
to face each other when the secondary unit 201 1s positioned
at a predetermined position with respect to the primary unit
101 to charge the battery 230. Although a nonmagnetic
substance 1s filled 1n the gaps 121 and 221, these gaps 121
and 221 may be spaces filled with air.

FIG. 3 illustrates a relationship between the frequency
and the voltage of control signals and electric power to be
transmitted. The electric power has a frequency of b 50 kHz,
and the control signal has a frequency of 1 MHz. By forming
the primary gap 121, the influence of leakage flux may
reduce between the power primary winding (L1) and the
signal secondary winding (LL3). Likewise, the influence of
leakage flux may reduce between the power Secondary
winding (L.2) and the signal prlnlary w1nd1ng (L4). It is
possible to transfer signal effectively using two signals
whose frequencies differ mutually.

The primary gap 121 has a primary width (WG1) between
the power primary winding (LL1) and the signal secondary
winding (LL.3) along the first winding axis (X1). The second-
ary gap 221 has a secondary width (WG2) between the
power secondary winding (L2) and the signal primary
winding (L4) along the second winding axis (X2). The
primary and Secondary widths (WG1 and WG2) are formed
such that the most effectively transmitted frequency of the
signal which 1s configured to be transmitted from the signal
primary winding (LL.4) to the signal secondary winding (L.3)
1s higher than a frequency of electric power which 1is
configured to be transmitted from the power primary wind-
ing (L.1) to the power secondary winding (I.2). For example,
the signal has a frequency of 1 MHz, and the electric power
has a frequency of 50 KHz.

The frequency of the electric power which 1s most effec-
tively transmitted between the power primary winding (LL1)
and the power secondary winding (L.2) is determined based
on the number of turns of the power primary winding (L.1)
and the number of turns of the power secondary winding,
(L2). The frequency of the signal which is most effectively
transmitted between the signal secondary winding (I.3) and
the signal primary winding (I.4) 1s determined based on the
number of turns of the signal secondary winding (L.3) and
the number of turns of the signal primary winding (LL4).

In addition, the frequency of the electric power which 1s
most elfectively transmitted between the power primary
winding (LL1) and the power secondary winding (L.2) is
determined based on the diameters of wires which constitute
the power primary winding (I.1) and the power secondary
winding (L.2). The frequency of the signal which is most
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clfectively transmitted between the signal secondary wind-
ing (IL3) and the signal primary winding (IL4) is determined
based on the diameters of wires which constitute the signal
secondary winding (LL3) and the signal primary winding
(L4).

When an electric appliance including different secondary
unit which has the different most effectively transmitted
frequency band 1s 1ncorrectly placed on the battery charger
including the primary unit 101, the control signal 1s not
transmitted to the signal secondary winding effectively. The
power supply control circuit 140 starts to supply electric
power to the power primary winding (L1) only when signal
secondary winding (I.3) receives control signal which has a
level higher than a reference threshold level. Consequently,
only when the proper electric appliance 1s placed on the
battery charger, the charge to the electric appliance starts.

In the present embodiment, the power primary winding
(L1) and the signal secondary winding (LL3) are wound
around the center section (111a), and the power secondary
winding (L.2) and the signal primary winding (IL4) are
wound around the center section (211a). Further, the sec-
ondary unit 1s configured to be placed with respect to the
primary unit such that the second facing surface (211¢) faces
the first facing surface (111c). Accordingly, in the present
embodiment, the direction of magnetic flux 1s shown by
arrows (MF) in FIG. 13. Hence, leakage flux may reduce.
Consequently, the electric power 1s efficiently transmitted
from power primary winding (LL1) to the power secondary
winding (L.2). Further, the signal is also efficiently transmit-
ted from the signal primary winding (L4) to the signal
secondary winding (L3).

By forming the primary gap 121, the influence of leakage
flux may reduce between the power primary winding (LL1)
and the signal secondary winding (L3). Likewise, the influ-
ence ol leakage flux may reduce between the power sec-
ondary winding (L2) and the signal primary winding (L4).
Therefore, the signal 1s transmitted from the signal primary
w1nd1ng (L4) to the signal secondary winding (I.3) without
belng alfected by the of leakage flux. Hence, the transmis-
sion of the electric power from the power primary winding
(L1) to the power secondary winding (L.2) is precisely
carried out based on the control signal.

FIG. 4 1s a cross sectional view of a non-contact electric
power transmission apparatus according to a second
embodiment of the present invention. The non-contact elec-
tric power transmission apparatus shown in FIG. 4 further
includes a detection winding (I.50). The non-contact electric
power transmission apparatus (T) includes a primary unit
105 and a secondary unit 205. FIG. 5 illustrates a state where
the secondary unit 2035 1s placed 1n the wrong direction with
respect to the primary unit 105.

As shown 1n FIG. 4, the secondary unit 205 has a signal
primary winding (I.4) and the detecting coil (L50) wound
around a secondary core 215. The detecting coil (LL50) is
formed next to the signal primary winding (L.4) to form a
gap 225 between the power secondary winding (L.2) and the
detecting coil (LL50). The primary unit 105 has a signal
secondary winding (LL3) which 1s configured to face the
signal primary winding (L.4) and the detection winding
(LS0). The gap 225 reduces the electromagnetic effect of the
power primary winding (LL1) to the detection winding (LL50).
Where the electric appliance including the secondary unit
205 1s placed i the right direction with respect to the
primary unit 1035, electric power 1s not transmitted to the
detection winding (LL50) from the power primary winding

(L1).
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As shown 1n FIG. §, when the electric appliance including
the secondary unit 205 1s put in the wrong direction with
respect to the primary unit 105, the coupling coetficient of
the power primary winding (LL1) and the power secondary
winding (I.2) becomes low. Accordingly, sufficient electric
power 1s not transferred from the power primary winding
(L1) to the power secondary winding (L.2). In this condition,
clectromagnetic connection between the power primary
winding (L1) and the detection winding (LL50) becomes
stronger. Accordingly, electric power 1s transmitted to the
detection winding (L50) from the power primary winding
(L1). An LED as an information unit is connected to the
detection winding (L.50). When the electric appliance is put
in the wrong direction with respect to the battery charger
including the primary unit 105, electric power 1s 1nduced 1n
the detection winding (LL50). Thus, the LED lights up.
Consequently, when the electric appliance 1s put 1n the
wrong direction with respect to the battery charger, the LED
notifies a user. In FIG. 5, a resistance (R) connected to the
LED 1n series 1s resistance to limit current. The mformation
unit may be, for example, a crystalline liquid, a buzzer
circuit or the like.

In addition, the frequency of the signal which 1s most
effectively transmitted 1s determined based on the number of
turns of the winding. Also, the frequency of the signal which
1s most effectively transmitted 1s determined based on the
diameter of the wire which constitutes the winding.

FIG. 6 1s a cross sectional view of a non-contact electric
power transmission apparatus according to a third embodi-
ment of the present invention. The non-contact electric
power transmission apparatus (T) includes a primary unit
116 and a secondary unit 216.

As shown 1 FIG. 6, first and second power primary
windings (LL1) and (L6) are wound around the both sides of
the center section (116a) of the primary core 116 of the
primary unit 106. The number of turns of power primary
winding (L1) and the number of turns of power primary
winding (L.6) are equal or substantially equal. The signal
secondary winding (L.3) 1s wound around the center of the
center section (116a) between the first and second power
primary windings (L.1) and (LL.6). The first and second power
secondary windings (I.2) and (LL'7) are wound around the
both sides of the center section (216a) of the secondary core
216 of the secondary unit 206. The number of turns of the
first power secondary winding (I.2) and the number of turns
of the second power secondary winding (LL7) are equal or
substantially equal. The signal primary winding (L4) is
wound around the center of the center section (216a)
between the first and second power secondary winding (L.2)
and (L7).

Electric power 1s transmitted to the power secondary
winding (L.2) from the power primary winding (I.1). Electric
power 1s also transferred from the power primary winding,
(L6) to the power secondary winding (L7). The total of the
clectric power transmitted to the power secondary winding
(L2) and the power secondary winding (L7) is the total
clectric power transmitted to the electric appliance from the
battery charger. When the electric appliance mcluding the
secondary unit 206 1s put in the wrong direction with respect
to the battery charger as shown 1 FIG. 7, electric power 1s
transmitted from the first power primary winding (L.1) to the
first power secondary winding (L7). Electric power is also
transferred from the second power primary winding (L.6) to
the second power secondary winding (L.2). The number of
turns of the windings, (1) and (L.6), is same or substantially
same. Also, the number of turns of the power secondary
winding (L.2) and (L'7) is same or substantially same. The
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clectromagnetic coupling coefficient between the primary
unit 106 and the secondary unit 206 does not change
regardless of the mounting direction of the secondary unit
206 with respect to the primary unit 106. Therefore, users
don’t need to be conscious of the direction of the secondary
unit 206 with respect to the primary unit 106.

In addition, the frequency of the signal which 1s most
clfectively transmitted 1s determined based on the number of
turns of the winding. Also, the frequency of the signal which
1s most effectively transmitted 1s determined based on the
diameter of the wire which constitutes the winding,.

FIG. 8 1s a cross sectional view of a non-contact electric
power transmission apparatus according to a fourth embodi-
ment of the present mvention. The non-contact electric
power transmission apparatus (T) includes a primary unit

107 and a secondary unit (207B).

As shown 1n FIG. 8, the primary umt 107 has a power
primary winding (LL1) which is wound around the center of
center section (117a) of the primary core 117. A first signal
secondary winding (L.3) is wound around one edge of the
center-section (117a) to form a first primary gap (127a)
between the power primary winding (1) and the first signal
secondary winding (L.3). The second signal secondary wind-
ing (LS) is wound around another edge of the center-section
(117a) to form a second primary gap (127b) between the
power primary winding (LL1) and the second signal second-
ary winding (LS). A width (W4) of the gap (127a) is
narrower than a width (WS) of the gap (127b). Since the
width (W4) of the gap (127a) 1s different from the width
(WS5) of the gap (127b), the control signal of the first signal
secondary winding (L.3) is adjusted to, for example, the
frequency of 1 MHz, and the control signal of the second
signal secondary winding (L5) is adjusted to, for example,

the frequency of 5 MHz.(see FIG. 9).

Secondary core (217B) has secondary power winding
(LB2) which is wound around the left side of the center
section (217Ba). A signal primary winding (ILB4) is wound
around the right side of the center section (217Ba) to form
a gap (227B) between the secondary power winding (LB2)
and the signal primary winding (LB4). As a frequency band
which 1s effective to transmit the signal primary winding
(LB4) by adjustment of the width of the gap (227B), the
signal for electric power has, for example, the frequency of
50 kHz, and the control signal has the frequency of 5 MHz.

The battery charger has a power supply control circuit 140
(see FIG. 1) having a charge control function. When the
control signal with a frequency of 1 MHz 1s transmitted from
the secondary unit, the power supply control circuit controls
the primary unit 107 to output, for example, an electric
power of 1.5 W. When the control signal with a frequency
of 5 MHz 1s transmitted from the secondary unit, the power
supply control circuit controls the primary unit 107 to
output, for example, an electric power of 3 W. This power
supply control circuit has the function to distinguish whether
the frequency of the control signal transmitted from the
secondary unit 1s 1 MHz or 5 MHz. The power supply
control circuit controls output power according to the
detected frequency of the control signal. The electric appli-
ance detects by a sensor or like that 1f the electric appliance
1s set on the battery charger. For example, first, the power
supply control circuit controls the primary unit 107 to output
low electric power. When the electric appliance detects that
an electric power 1s transmitted from the battery charger, the
clectric appliance may output a control signal. In this case,
the frequency of the control signal becomes 5 MHz and thus
the charge control circuit changes the power output to 3 W.
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As such, one battery charger performs alternatively electric
power transmission of 1.5 W and electric power transmis-
sion of 3 W. Therefore, the transformer mentioned above can
transfer suitable electrlc power to two or more electric
appliances whose load values differ.

In addition, the most effectively transmitted frequency of
the control signal can also be determined based on the
number of turns of the winding. Also, the most effectively
transmitted frequency of the signal can be determined based
on the diameter of the wire which constitutes the winding.

FIG. 10 1s a cross sectional view of a non-contact electric
power transmission apparatus according to a fifth embodi-
ment of the present invention. The non-contact electric
power transmission apparatus shown in FIG. 8 1s similar to
that of the embodiment as shown 1n FIG. 1. The non-contact
electric power transmission apparatus ('T) includes a primary
unit 1010 and a secondary unit 2010.

As shown 1n FIG. 10, the primary unit 1010 has a power
primary winding (LL1) at the center of a center section
(1110a) of a primary core 1110. A first signal secondary
winding (L31) 1s wound around the center section (1110a) at
one end of the center section (1110a) to form a gap (1210a)
between the power primary winding (IL1) and the first signal
secondary winding (I.31). A second signal secondary wind-
ing (LL51) is wound around the center section (1110a) at
another end of the center section (1110a) to form a gap
(1210b6) between the power primary winding (LL1) and the
second signal secondary winding (LL51). The secondary unit
2010 has a power secondary winding (I.2) in the center of a
center section (2110a) of a secondary core 2110. On both
sides of a gap (22104a) and (2210b), signal primary windings
(L41) and (L.81) are coiled around the both sides of the
power secondary winding (L.2).

The non-contact electric power transmission apparatus
can transfer three kinds of signals whose frequencies differ.
These frequencies may be obtained, for example, by adjust-
ing width of the gaps (1210a), (12105), (2210a), and
(2210b), by adjusting the diameters of wires which consti-
tute the signal secondary windings (LL31) and (LL51), or
adjusting the diameters of wires which constitute the signal
primary windings (L.41) and (LL81) or the number of turns of
the signal primary windings (I.41) and (LL81). The electric
power signal has, for example, the frequency of 50 kHz.
Between the signal secondary winding (I.31), and the signal
primary winding (I.41), the control signal has, for example
the frequency of 1 MHz. Between the winding (LL51) for
secondary side control signals, and the winding (L.81) for
primary side control signals, the control signal has, for
example, the frequency of 5 MHz. The battery charger
having the primary unit 1010 1s equipped with the power
supply control circuit (see FIG. 1) which controls a supply
of an electric power. The signal secondary winding (L.31)
and the signal primary winding (LL.41) constitute a sensor for
inclination detection which detects whether the electric
appliance 1s correctly set to the battery charger. Stmilarly,
the signal secondary winding (L.51) and the signal primary
winding (L.81) also constitute another sensor for inclination
detection which detects whether the electric appliance 1s
correctly set to the battery charger. Only when the signal (1
MHz and 5 MHz) is able to being detected with the winding

(L41 and L.81), the charge control circuit starts charging a
battery 230 (see FIG. 1).

Thus, only when the control signal has been transmitted
from the both sides of the winding (.41 and .81), the charge
control circuit starts charging. Therefore the inadequate
clectric power transmission 1s prevented to start charging the
battery when the electric appliance 1s inclined to the battery
charger.
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Obviously, numerous modifications and variations of the
present 1nvention are possible in light of the above teach-
ings. It 1s therefore to be understood that within the scope of
the appended claims, the invention may be practiced other-
wise than as specifically described herein.

What 1s claimed as new and is desired to be secured by
Letters Patent of the United States 1s:

1. A non-contact electric power transmission apparatus
comprising:

a primary unit comprising:

a primary core having a first facing surface and a first
winding axis substantially parallel to the first facing
surface;

at least one power primary winding wound around the
first winding axis of the primary core; and

at least one signal secondary winding wound around
the first winding axis of the primary core and pro-
vided to be apart from the at least one power primary
winding to form a primary gap between the at least
one power primary winding and the at least one
signal secondary winding; and

a secondary unit comprising:

a secondary core having a second facing surface and a
second winding axis substantially parallel to the
second facing surface;

at least one power secondary winding wound around
the second winding axis of the secondary core;

at least one signal primary winding wound around the
seccond winding axis of the secondary core and
provided to be apart from the at least one power
secondary winding to form a secondary gap between
the at least one power secondary winding and the at
least one signal primary winding; and

the secondary unit being configured to be placed with
respect to the primary unit such that the second
facing surface faces the first facing surface and such
that said at least one power secondary winding and
said at least one signal primary winding are electro-
magnetically connected to said at least one power
primary winding and said at least one signal second-
ary winding, respectively.

2. A non-contact electric power transmission apparatus
according to claim 1, wherein:

the primary gap has a first width between the at least one
power primary winding and the at least one signal
secondary winding;

the secondary gap has a second width between the at least
one power secondary winding and the at least one
signal primary winding; and

the first and second widths are formed such that a most
cifectively transmitted frequency of a signal which 1is
confligured to be transmitted from the at least one signal
primary winding to the at least one signal secondary
winding 1s higher than a frequency of electric power
conflgured to be transmitted from the at least one power
primary winding to the at least one power secondary
winding.

3. A non-contact electric power transmission apparatus

according to claim 1, further comprising:

a detecting coil wound around the first winding axis of the
primary core or the second winding axis of the sec-
ondary core and conifigured to detect that the at least
one power secondary winding 1s positioned to face the
at least one power primary winding along an entire
length of the power secondary winding in a direction of
the second winding axis.
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4. A non-contact electric power transmission apparatus
according to claim 3, wherein:
the detecting coil 1s wound around the first winding axis
of the primary core and provided adjacent to the at least
one signal secondary winding to be apart from the at
least one power primary winding to form the primary
gap between the at least one power primary winding
and the at least one detecting coil.
5. A non-contact electric power transmission apparatus
according to claim 1, wherein:
the at least one power primary winding comprises first
and second power primary windings each having a
same winding number and a same length along the first
winding axis of the primary core, the at least one signal
secondary winding 1s provided between the first and
second power primary windings to form first and
second primary gaps between the first power primary
winding and the at least one signal secondary winding,
and between the second power primary winding and the
at least one signal secondary winding, respectively, and
the at least one secondary primary winding comprises a
first and second power secondary windings each having
a same winding number and a same length along the
second winding axis of the secondary core, the at least
one signal primary winding 1s provided between the
first and second power secondary windings to form first
and second secondary gaps between the first power
secondary winding and the at least one signal primary
winding and between the second power secondary
winding and the at least one signal primary winding,
respectively.
6. A non-contact electric power transmission apparatus
according to claim 1, wherein:

the at least one signal secondary winding includes first
and second signal secondary windings, the first signal
secondary winding being provided on one side of the at
least one power primary winding to form a first primary
gap between the first signal secondary winding and the
at least one power primary winding, the second signal
secondary winding being provided on another side of
the at least one power primary winding to form a
second primary gap between the second signal second-
ary winding and the at least one power primary wind-
ing.

7. A non-contact electric power transmission apparatus
according to claim 6, wherein the first and second primary
gaps are formed to have widths such that most effectively
transmitted frequencies of signals configured to be trans-
mitted from the signal primary winding to the first and
second signal secondary windings are different.

8. A non-contact electric power transmission apparatus
according to claim 6, wherein the first and second signal
secondary windings are formed to have different winding
numbers such that most effectively transmitted frequencies
of signals which are configured to be transmitted from the at
least one signal primary winding to the first and second
signal secondary windings are different.

9. A non-contact electric power transmission apparatus
according to claim 6, wherein the first and second signal
secondary windings are formed by winding wires having
different diameters, respectively, such that most effectively
transmitted frequencies of signals which are configured to be
transmitted from the at least one signal primary winding to
the first and second signal secondary windings are different.

10. A non-contact electric power transmission apparatus
according to claim 1, wherein:

at least one signal primary winding includes first and
second signal primary windings, the first signal primary
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winding being provided on one side of the at least one
power secondary winding to form a first secondary gap
between the first signal primary winding and the at least
one power secondary winding, the second signal pri-
mary winding being provided on another side of the at
least one power secondary winding to form a second
secondary gap between the second signal primary
winding and the at least one power secondary winding.

11. A non-contact electric power transmission apparatus
according to claim 10, wherein the first and second second-
ary gaps are formed to have widths such that most etfec-
fively transmitted frequencies of signals which are config-
ured to be transmitted from the first and second signal
primary winding to the at least one signal secondary wind-
ings are different.

12. A non-contact electric power transmission apparatus
according to claim 10, wherein the first and second signal
primary windings are formed to have different winding
numbers such that most effectively transmitted frequencies
of signals which are configured to be transmitted from the
first and second signal primary winding to the at least one
signal secondary windings are different.

13. A non-contact electric power transmission apparatus
according to claim 10, wherein the first and second signal
primary windings are formed by winding wires having
different diameters, respectively, such that most effectively
transmitted frequencies of signals which are configured to be
transmitted from the first and second signal primary wind-
ings to the signal secondary windings are different.

14. A non-contact electric power transmission apparatus

according to claim 6, wherein:

the at least one signal primary winding includes first and
second signal primary windings, the first signal primary
winding being provided on one side of the at least one
power secondary winding to form a first secondary gap
between the first signal primary winding and the at least
one power secondary winding, the second signal pri-
mary winding being provided on another side of the at
least one power secondary winding to form a second
secondary gap between the second signal primary
winding and the at least one power secondary winding,
and

the first and second signal secondary windings are formed
to have different winding numbers and the first and
second signal primary windings are formed to have
different winding numbers such that most effectively
transmitted frequencies of signals which are configured
to be transmitted from the at least one signal primary
winding to the first and second signal secondary wind-
ings are different.

15. A non-contact electric power transmission apparatus

according to claim 6, wherein:

at least one signal primary winding includes first and
second signal primary windings, the first signal primary
winding being provided on one side of the at least one
power secondary winding to form a first secondary gap
between the first signal primary winding and the at least
one power secondary winding, the second signal pri-
mary winding being provided on another side of the at
least one power secondary winding to form a second
secondary gap between the second signal primary
winding and the at least one power secondary winding,
and

the first and second signal secondary windings are formed
by winding wires having different diameters,
respectively, and the first and second signal primary
windings are formed by winding wires having different
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diameters, respectively, such that most effectively
transmitted frequencies of signals which are configured
to be transmitted from the at least one signal primary
winding to the first and second signal secondary wind-
ings are different.

16. A non-contact electric power transmission apparatus
according to claim 1, wherein the primary and secondary
gaps are filled with non-magnetic material.

17. A non-contact electric power transmission apparatus
according to claim 1, wherein the primary and secondary
gaps are filled with air.

18. An electric appliance comprising:

™

a primary unit comprising;:

a primary core having a first facing surface and a first
winding axis substantially parallel to the first facing
surface;

at least one power primary winding wound around the
first winding axis of the primary core; and

at least one signal secondary winding wound around
the first winding axis of the primary core and pro-
vided to be apart from the at least one power primary
winding to form a primary gap between the at least
one power primary winding and the at least one
signal secondary winding; and
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a secondary unit comprising:
a secondary core having a second facing surface and a

seccond winding axis substantially parallel to the
second facing surface;

at least one power secondary winding wound around

the second winding axis of the secondary core;

at least one signal primary winding wound around the

second winding axis of the secondary core and
provided to be apart from the at least one power
secondary winding to form a secondary gap between
the at least one power secondary winding and the at
least one signal primary winding; and

the secondary unit being configured to be placed with

respect to the primary unit such that the second
facing surface faces the first facing surface and such
that said at least one power secondary winding and
said at least one signal primary winding are electro-
magnetically connected to said at least one power
primary winding and said at least one signal second-
ary winding, respectively.
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